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Bi,WOy/WO; fl BiVO,/WO; I [1) XRD #%. ¢ EH]
M1, 5 WO, IR L, Bi,WO/WO, HETE 20 N 28.4°
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Fig. 1
XRD patterns of WO3, Bi;WO¢/WO; and BiVO4,/WO; films(b)

Synthetic process by in-situ transformation(a) and
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1) XRD 550, EATHMAA 19.3° 30.6°. 36.5°
46.0°4b IR GSAT TG, 5 20 B2 F R BiVO,
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BLAEH % Y BiVO/WO, i .

N TG BiVOy/WO; R T OU 45 1) R 2
BiVO, 7E WO; BRI R [ ITE L, % BiVO/WO; ik
HEHAT 7B 5 fL T BB (TEM)IIR . B 2(a)~(b) 2 51l R
BiVOL/WO; K afFF it AR 7 HE = 73 #F TEM &

&2 BiVO,/WO; 44K &) LR-TEM, HR-TEM M4 &
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K, ATLLUR IR FRAS [F] ) & s 2 SL (LB 2(b)). 4P 2
A 2SI TAI FEZ) 4 0.308 nm, XfN.T BiVO, f(113)
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Be T EERAH WO 1I(002) &7 T [F] 25 . PR, #8579 TEM
BIESE | BiVO, 7E WO, BURLR B . B H ]2,
BiVO,/WO,; S HZ A 5%, BiVO, |20 & 1 B

Fig.2 LR-TEM(a), HR-TEM(b) and elemental mapping images((c)—(f)) of BiVO,/WO; nanoparticles
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=" Bi,WOy/WO,

fR—

SN BiVO,/WO,

— WO3
—Bi,WOy/WO,
—BiVO,/WO,

350 400 450 500 550 600 650 700

Wavelength/nm
3 WOs. Bi,WOg/WO; #ll BiVOy/WO; 5 [#] UV-vis I}
Yo
Fig. 3 UV-vis absorbance spectra of WO3, Bi,WO¢/WO; and
BiVO,/WO; film
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Fig. 4 Photocurrent density curves of WO3, Bi,WO¢/WO; and

BiVO,/WO; films (a) and 1-BiVO4/WO; and 2-BiVO,/WO;

films (b)
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Fig. 5 Schematic diagram of photogenerated charge transport
mechanism in BiVO,/WO; electrode

3 #ig

1) £X BiVO,/WO; 7 5 45 v ) il £ 38 i K FH
AR TUTRR I, 1] 4% [1 : Jo 5 WA AE A ST 25
HARREM BiVO, 2 REZ G, AR T
BiVO,/WO; i 45 1 5% (1) — P i A A= K R ] % 0732
B AR

2) it XRD Al TEM % F B R1IE T # % 1
BiVO,/WO; M 554, FRKIIH| & MEE A LS %
AR/ B G EIR, RTT AR R
A BiVOL/WO; T BHBR 1% FL iR 25 B2 K T
T B TR i 46 T 6 B AR

REFERENCES

[1T HISATOMI T, KUBOTA J, DOMEN K. Recent advances in
semiconductors for photocatalytic and photoelectrochemical
water splitting[J]. Chemical Society Reviews, 2014, 43(22):
7520-7535.

[2] YUE Dong-ting, QIAN Xu-fang, ZHAO Yi-xin.
Photocatalytic remediation of ionic pollutant[J]. Science
Bulletin, 2015, 60(21): 1791-1806.

3]  ER, ABEN. SO BB ST R kAL [T].
FE AR, 2015, 34(9): 652-658.

YAN Shi-cheng, ZOU Zhi-gang. R ecent progress and
challenge in research of novel photocatalytic materials[J].
Materials China, 2015, 34(9): 652—658.

[4] # =, BEW, EOR. R R R D]
TEAL 254, 2013, 34(3): 524-535.

ZHENG Yun, PAN Zhi-ming, WANG Xin-chen. Advances in
photocatalysis in China[J]. Chinese Journal of Catalysis,
2013, 34(3): 524-535.

51 B &, & W FE, R K25 Wos HiE

FL A 1) 1) 4% B EL O AR 2 R ] o A 4 R A AR,
2012, 22(12): 3487-3494.
CHEN Xiang, LI Jie, LI Wen-zhang, CHEN Qi-yuan.
Preparation and photoelectrochemical properties of nano-
porous tungsten trioxide films electrode[J]. The Chinese
Journal of Nonferrous Metals, 2012, 22(12): 3487-3494.

[6] PU Y C, WANG G, CHANG K D, LING Y, LIN Y K,
FITZMORRIS B C, LIU C M, LU X, TONG Y, ZHANGJ Z,
HSU Y J, L1 Y. Au nanostructure-decorated TiO, nanowires
exhibiting photoactivity across entire UV-visible region for
photoelectrochemical water splitting[J]. Nano Letters, 2013,
13(8): 3817-23.

[71] SUBRAMANIAN A, ANNAMALAI A, LEE H H, CHOI S
H, RYU J, PARK J H, JANG J S. Trade-off between Zr
passivation and Sn doping on hematite nanorod photoanodes
for efficient solar water oxidation: Effects of a ZrO,
underlayer and FTO deformation[J]. ACS Applied Materials
& Interfaces, 2016, 8(30): 19428—19437.

[8] SIVULA K, FORMAL F L, GRATZEL M. WOs-Fe,0;
photoanodes for water splitting: A host scaffold, guest
absorber approach[J]. Chemistry of Materials, 2009, 21(13):
2862-2867.

[97 PARK J H, KIM S, BARD A J. Novel carbon-doped TiO,

nanotube arrays with high aspect ratios for efficient solar



2529 4555 10

X 58, SF: BiVOy/WO; MU JF AL AR FE il 2 S FO UL 22 VERERT ST

2339

[10]

[11]

[12]

[13]

[14]

[15]

[16]

water splitting[J]. Nano Letters, 2005, 6(1): 24-28.

LEE Yuh-Lang, CHI Ching-Fa, LIAU Shih-Yi. CdS/CdSe
Co-sensitized TiO, photoelectrode for efficient hydrogen
generation in a photoelectrochemical cell[J]. Chemistry of
Materials, 2009, 22(3): 922-927.

QIAO Li-Ying, XIE Feng-Yu, XIE Ming-Hui, GONG
Cai-Hua, WANG Wei-Lang, GAO Jia-Cheng. Characterization
and photoelectrochemical performance of Zn-doped TiO,
films by sol-gel method[J]. Transactions of Nonferrous
Metals Society of China, 2016, 26(8): 2109-2116.

WANG Ya-jun, WANG Qi-sheng, ZhAN Xue-ying, WANG
Feng-mei, SAFDAR M, HE Jun. Visible light driven type II

heterostructures and their enhanced photocatalysis properties:

A review[J]. Nanoscale, 2013, 5(18): 8326—8339.

LIU Can-jun, YANG Ya-hui, LI Jie, CHEN Shu. Phase
transformation synthesis of TiO,/CdS heterojunction film
with high visible-light photoelectrochemical activity[J].
Nanotechnology, 2018, 29(26): 265401.

LIU Can-jun, YANG Ya-hui, LI Wen-zhang, LI Jie, SHI
Qi-lin, CHEN Qi-yuan. Highly Efficient photoelectrochemical
hydrogen generation using Zn,BiS;:, sensitized platelike
WO; ACS Applied Materials &
Interfaces, 2015, 7(20): 10763—10770.

YANG Ya-Hui, XIE Ren-Rui, HANG Li, LIU Can-Jun, LIU

photoelectrodes[J].

Wen-Hua, ZHAN Fa-Qi. Photoelectrocatalytic reduction of
CO; into formic acid using WOs; /TiO; film as novel
photoanode[J]. Transactions of Nonferrous Metals Society of
China, 2016, 26(9): 2390—2396.

YAN Lu, ZHAO Wei, LIU Zhi-feng. 1D ZnO/BiVO4
heterojunction photoanode for efficient photoelectrochemical
Dalton Transactions, 2016, 45(28):

water splitting[J].

11346-11352.

[17]

[18]

[19]

[20]

[21]

[22]

SU Jin-zhan, GUO Lie-jin, BAO Ning-zhong, GRIMES C A.

Nanostructured WO3/BiVO4  heterojunction  films  for

efficient photoelectrochemical water Nano
Letters, 2011, 11(5): 1928—-1933.
JUNG H, CHAE S Y, SHIN C, MIN B K, JOO O S,

HWANG Y J. Effect of the Si/TiO»/BiVOj, heterojunction on

splitting[J].

the onset potential of photocurrents for solar water
oxidation[J]. ACS Applied Materials & Interfaces, 2015,
7(10): 5788-5796.

JEEE, BRI, 200k, SRS U E A R K
NER[D). T EA AR AR, 2014, 24(7): 1915-1920.
TANG lJian-jun, CHEN Yi-qing, LI Wen-long. Synergetic
degradation of prometryn by photo-electro-chemical
catalytic method[J]. The Chinese Journal of Nonferrous
Metals, 2014, 24(7): 1915-1920.

ZENG Qing-yi, LYU Lai, GAO Yao-wen, CHANG Sheng,
HU Chun. A self-sustaining monolithic photoelectrocatalytic
/photovoltaic system based on a WO3/BiVO4 photoanode and
Si PVC for efficiently producing clean energy from
refractory organics degradation[J].
Environmental, 2018, 238: 309-317.
BAEK J H, KIM B J, HAN G S, HWANG S W, KIM D R,

CHO I S, JUNG H S. BiVO4/WO;/SnO; double-

Applied Catalysis B:

heterojunction photoanode with enhanced charge separation
and visible-transparency for bias-free solar water-splitting
with a perovskite solar cell[J]. ACS Applied Materials &
Interfaces, 2017, 9(2): 1479—-1487.

XIA Li-gang, BAI Jing, LI Jin-hua, ZENG Qing-yi, LI
Xue-jin, ZHOU Bao-xue. A highly efficient BiVO4/WO;/W
heterojunction photoanode for visible-light responsive dual
photoelectrode photocatalytic fuel cell[J]. Applied Catalysis
B: Environmental, 2016, 183: 224-230.



2340 HHEA SR AR 20194E10 A

In situ phase transformation synthesis of BiVO,/WO; films and
its photoelectrochemical performance

LIU Xin', LIU Can-jun', CHEN Shu', YANG Ya-hui’

(1. Key Laboratory of Theoretical Chemistry and Molecular Simulation, Ministry of Education,
School of Chemistry and Chemical Engineering, Hunan University of Science and Technology, Xiangtan 411201, China;
2. College of Resources and Environment, Hunan Agricultural University, Changsha 410128, China)

Abstract: BiVO,/WO; heterojunction films have attracted much attention in the field of photoelectrocatalysis due to its
excellent photoelectrochemical activity. However, the BiVO,/WO; films prepared by the simple deposition methods at
present exhibited numerous grain boundaries and interface defects, which were unfavorable to the charge transfer in the
BiVO,/WOj; interface. In this paper, BiVO,/WO; films were prepared based on the principle of in-situ transformation
(WO3—Bi1,WOs—BiVOy). The prepared BiVO,/WO; films were characterized by XRD and TEM. The results show that
the prepared BiVO,/WO; films have less grain boundaries and interface defects. The photoelectrochemical (PEC)
measurements indicate that the BiVO,/WO; films prepared by the in-situ method have a photocurrent density as high as
0.32 mA/cm? (p=1 V (vs. Ag/AgCl)), present a higher PEC activity than those prepared by the deposition method.

Key words: BiVO,/WOj;; photoelectrochemical; in situ; photoanode; heterojunction
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